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I. Introduction
This study investigates the effects of demographic change on industrial structure in Japan considering capital accumulation, labour force, and total population. Simulation analyses using Growth Rate Multipliers (GRMs) and an Overlapping Generations (OLGs) model indicate a rapid demographic change after World War II; for example, decreased fertility and increased adult longevity stimulated capital accumulation, which increased the importance of nonagriculture.
After World War II, Japan experienced a remarkable demographic transition. At the beginning of the twentieth century, both fertility and mortality were high; however, mortality (especially adult mortality) declined rapidly. Subsequently, fertility began to decline. Fertility declined rapidly in the 1960s and 1970s, and is low today. Moreover, the population started to decline in 2005, and it is expected that it will continue to decline in the future. The effects of depopulation on the economy are controversial. A decrease in population can increase per capita income if other conditions do not change, however, it may decrease the labour force and the possibility of innovation. High life expectancy in Japan, also a characteristic of the country, is the highest in the world. Higher life expectancy may encourage capital accumulation, which is considered a positive aspect of population aging.
Consideration of agriculture is essential when we discuss the development of a country. Agriculture is fundamental to human activity. Malthus (1798) stated that the relationship between population and agriculture is important. Extensive research has attempted to explain economic development in relation to agriculture using a dual economy model. 1 The dual economy model assumes two sectors: the agricultural and the nonagricultural sectors. The agricultural sector is traditional, self-sufficient, and characterized by low productivity. The nonagricultural sector is modern, profitable, and highly productive. According to the dual economy model, it is necessary to have a technical change in agriculture at the onset of economic development, to move labour and capital into the nonagricultural sector. Yamaguchi's (1972 Yamaguchi's ( , 1973 Yamaguchi's ( , 1982 Yamaguchi's ( , 2001 dual economy model was noteworthy in that it distinguished between changes in population and labour force. The author established a general equilibrium growth accounting model. In this study, we developed a new model that can capture the agricultural and nonagricultural distortion problems based on Temple (2005) and Hayashi and Prescott (2008) .
The model analyses the effects of eight exogenous variables, including agricultural and nonagricultural technologies, total population, total labour, aggregate capital stock, land, demand shifter of agricultural products, and wage gap between the agricultural and nonagricultural sectors, on eight endogenous variables, including agricultural and nonagricultural outputs, labour and capital, relative prices of agricultural and nonagricultural products, and per capita income.
It is also important to consider the working and saving behaviour of people when we discuss the effects of demographics on economic growth. A considerable volume of research has attempted to examine the economic implications of demographic transition. During a demographic transition, the young dependency rate decreases, while the share of the working-age population increases. This stage is called the 'first demographic dividend. ' Bloom and Williamson (1998) , Bloom et al. (2000) , and Schmidt (2001, 2005) found that changes in age structure result in changes in the labour force, thus significantly contributing to economic growth. Demographic changes also influence saving behaviour. According to the lifecycle hypothesis, individuals save when they are young and employed and spend their savings after retirement (Modigliani and Brumberg, 1954; Tobin, 1967) . Changes in the young dependency ratio could alter age-earning and consumption profiles. In particular, a higher young dependency ratio can result in increased consumption at a younger age (Mason, 1981 (Mason, , 1987 Higgins and Williamson, 1997) .
The concept of the 'second demographic dividend' has also been attracting the attention of population economists. Increased adult longevity can increase the savings of prime-age adults, resulting in capital accumulation (Lee et al., 2001; Kinugasa and Mason, 2007; Mason and Kinugasa, 2008) . Capital accumulation significantly contributes to economic growth. In many developed countries, including Japan, the first demographic dividend has already disappeared. Declining growth of the labour force can suppress economic growth. On the other hand, the second demographic dividend could still continue in developed countries in the future. The life expectancies of old people are gradually increasing and many developed countries may still have opportunities for economic development. (Mason, 2007; Ogawa, 2007; Mason and Kinugasa, 2008) .
The research discussed above does not analyse the effects of demographic change on industrialization in terms of capital accumulation. Kinugasa and Yamaguchi (2008) combined the OLG model of Kinugasa and Mason (2007) and the general equilibrium growth accounting model of Yamaguchi (1982 Yamaguchi ( , 2001 ). Kinugasa and Yamaguchi analysed the effects of changes in the number of children and adult longevity on capital accumulation, and examined how capital, which is influenced by the demographic change, affects agricultural and nonagricultural inputs and outputs. Their simulation analysis with Japanese data showed that a rapid decline in the number of children and an increase in adult longevity stimulated capital accumulation, which increased the importance of nonagriculture from the 1960s to 1990s. In this research, we develop the analyses of Kinugasa and Yamaguchi (2008) in the following four points and investigate the effects of demographic change on agriculture and nonagriculture from a broader perspective. First, we consider the effects of demographic change on per capita income and industrial structure, in terms of labour force and total population, as well as capital accumulation. Second, we estimate the effects of demographic change not only in the past and the present but also in the future. Third, we use the model that can consider the distortion problem as stated above. Fourth, we consider domestic capital and capital depreciation, which the research of Kinugasa andYamaguchi (2008) did not consider.
Our findings regarding the relationships between demographic change, capital accumulation, and importance of agriculture are summarized by the flowcharts presented in Fig. 1 . 2 In this figure, a broad arrowhead indicates that the effect is strong, a thin arrowhead indicates that the effect is weak, and a dashed arrowhead indicates that the effect appears after a while. Fig. 1(a) presents the relationship from the 1950s to 1990s. According to our OLG model, Japan experienced a rapid decline in the number of children and a rapid increase in adult longevity during the period, which stimulated capital accumulation. Moreover, the labour force increased rapidly because the working-age population increased, and this also stimulated capital accumulation. According to the results from the GRMs of the general equilibrium growth accounting model, capital accumulation stimulated industrialization; that is, it decreased the importance of agriculture. 3 The analysis using GRMs also indicates that an increase in labour force decreased the importance of agriculture and increased per capita income. Increased per capita income also increased capital accumulation according to the OLG model, which further decreased the importance of agriculture according to the general equilibrium growth accounting model. From the 1950s to 1990s, the population growth rate was also high, which increased the importance of agriculture according to the general equilibrium growth accounting model. Fig. 1 (b) describes the outlook for Japan. It is expected that the number of children will decrease and adult longevity will increase gradually, which will encourage capital accumulation and, as a result, increase the importance of nonagriculture slightly. According to our OLG model, a decline in the labour force will decrease capital accumulation to a large extent, which will make agriculture more important. The general equilibrium growth accounting model implies that a decrease in the labour force will directly increase the importance of agriculture. The model also indicates that a decrease in capital accumulation caused by a decrease in the labour force will decrease per capita income, and this will further decrease capital accumulation. The population will continue to decrease in Japan in the future, and this may increase the importance of nonagriculture according to Malthus's law as indicated in the general equilibrium growth accounting model. However, this effect will not be large. To sum up, in Japan, the importance of agriculture will increase in the future considering the demographic situation. The remainder of this article is organized as follows: The general equilibrium growth accounting model established by Yamaguchi (1982 Yamaguchi ( , 2001 ) is introduced in Section II. Section II also describes how total population, labour, and capital influence endogenous variables such as agricultural and nonagricultural outputs and inputs. Section III describes the OLG model, which considers three generations, and explains the effects of demographic change, such as
II. General Equilibrium Growth Accounting Model
The Computable General Equilibrium (hereafter CGE) model has prevailed since 1975. However, Ezaki (1984) evaluated that Yamaguchi (1969 Yamaguchi ( , 1972 Yamaguchi ( , 1973 Yamaguchi ( , 1982 made the bridge (i.e. Yamaguchi is the first person who applied the theoretical general equilibrium growth model to CGE model in the world) to the present CGE model. More accurately, Kelley et al. (1972) and Williamson (1971, 1974) Bloom and Williamson (1998) finally recognized this importance and used labour and population independently. Mason (2005 Mason ( , 2007 and Mason and Kinugasa (2008) found the first and second dividend by treating labour and population independently. These are very important findings in population studies.
Recent researches on economic development, which must be considered in our study, are in the following three areas. The first area is the agricultural-nonagricultural distortion problem. Hayashi and Prescott (2008) consider that the labour barrier existed because the pre-war patriarchy forced the son designated as the heir to remain in agriculture. Moreover, Temple (2005) pointed out the problem of distortion, i.e. output losses associated with factor misallocation and aggregate growth in the presence of factor market distortion. Therefore, we considered the problem of distortion and assume imperfect competition in both labour and capital markets (m 1 , m 2 , m 3 , m 4 , N w , and N r in our model described in Appendix 1 and Table A1 ).
The second area is the reconfirmation that agriculture is the centre of development (Gollin et al., 2002) , although this conclusion may be reversed when we consider the international situation (Matsuyama, 1992) . In other words, two opposing opinions for agriculture exist. Gollin et al. (2002) believe that agriculture is very important and must occupy the central topic of development. On the other hand, Matsuyama, for example, opposes this thinking with respect to international trade. As the third area, Temple (2005) evaluates that the two-sector model is still important in the research of development. Therefore, we use the two-sector model in this study.
Laitner (2000) (on page 546) suggest that while an unusual thrift may lead to a high income level (as shown in Solow's framework), causality can run the other way: a higher standard of living can lead to a higher measured savings rate. In our study, we calculate how population, labour, and capital stock influence income levels and sectoral outputs through savings.
In this study, we explain the extension of the growth accounting general equilibrium model (as stated above, we assume imperfect competition, i.e. the distortion problem in our model here) of Yamaguchi (1982 Yamaguchi ( , 2001 . 5 The authors considered a two-sector economy consisting of agricultural and nonagricultural sectors and established a general equilibrium growth accounting model. 6 Further, they calculated the effects of eight exogenous variables on eight endogenous variables. 7 Each effect is referred to as a GRM, which reflects the percentage increase of an endogenous variable given a 1% increase in a certain exogenous variable. GRMs are expressed by aligning endogenous and exogenous variables; for example, Y A K is the effect of a 1% increase in aggregate capital on agricultural output. Yamaguchi and colleagues also calculated the contributions of exogenous variables to endogenous variables by multiplying the GRMs and the growth rates of the exogenous variables. Table 1 presents the GRMs with respect to capital, labour, and population. This table shows that aggregate capital (K) has the following effects on the endogenous variables. 8 An increase in aggregate capital increases both agricultural and nonagricultural outputs; however, it has a larger effect on nonagricultural output than on agricultural output, (
. Moreover, an increase in aggregate capital has a positive effect on both agricultural and nonagricultural capital, and its effect on nonagricultural capital is larger than that on agricultural capital, (
. These findings imply that capital accumulation induces growth in both agricultural and nonagricultural sectors; however, it has a greater positive effect on nonagricultural growth. Therefore, capital accumulation is likely to accelerate industrialization. Moreover, an increase in aggregate capital increases per capita income (EK > 0).
Growth in the labour force can also increase the importance of nonagriculture. Growth in total labour increases both agricultural and nonagricultural output and labour, but increases nonagricultural output and labour more than the corresponding agricultural output and labour (
. It is also confirmed that an increase in the labour force increases per capita income (EL > 0).
Malthus's law holds for the effects of population growth on endogenous variables. An increase in population increases agricultural inputs and outputs and decreases nonagricultural inputs and outputs
. Moreover, an increase in population decreases per capita income (EQ < 0).
To sum up, increases in capital and labour decrease the importance of agriculture and increase the importance of nonagriculture. Note: The data from columns Y A K to EK are adopted from Yamaguchi (1982 Yamaguchi ( , 2001 . New values from columns Y A L to EQ are estimated by using the data of Yamada and Hayami (1972) , Minami and Ono (1978) , Ohkawa (1972) , and Ohkawa and Shinohara (1979) . 
An increase in the population increases the importance of agriculture. Aggregate capital and labour positively affect per capita income, and total population negatively affects per capita income.
III. Demographic Change and Capital Accumulation in the OLG Model
This section presents an OLG model to investigate the effects of demographic change on capital accumulation. Table 2 presents key equations in our OLG model. Our model is similar to Kinugasa and Yamaguchi (2008) , although it considers international capital flow. The OLG model considers the existence of different generations at the same time. We assume that there are three generations: children, prime-age adults, and elderly. Child age, prime age, and old age are set at age zero, one, and two, respectively. Children are considered to be dependent and not employed. Prime-age adults take care of children and work, and save to consume in their old age. The elderly are retired and spend the savings they accumulate in their prime-age years. 9 Not all children survive to prime-age and not all prime-age adults survive after retirement. The utility function of a prime-age adult is expressed in Equation 1 of Table 2 . Prime-age adults at time t decide on their present consumption for themselves and their children, and their consumption in the future maximizes the lifetime utility as shown in Equation 1 of Table 2 . In the equation, c 1,t , c 2,t+1 , and c 0,t represent the consumption of prime-age adults, the elderly, and the dependent children, respectively. q t is the survival rate of prime-age adults until old age and is used as a measure of adult longevity. Prime-age adults decide c 1,t , c 2,t+1 , and c 0,t . The parameter κ implies the rate at which parents discount the utility of children, and it is assumed that 0 ≤ κ ≤ 1. It is also assumed that ε > 0, so that the marginal utility with respect to the number of children declines according to the number of children. The parameters λ 0 , λ 1 , and λ 2 reflect the relative importance of consumption for children, prime-age, and post-retirement, respectively. ρ is the discount rate; that is, the rate of time preference. The intertemporal elasticity of substitution is given by (1/θ). 10 Prime-age adults obtain wage income A t w t per unit of labour, where A t is the level of technology and w t is the wage per effective worker. The total time available for a prime-age adult is one unit. ν units of time need to be spent to nurture one child, and prime-age adults with n children work for (1-νn) units of time. They allocate their earnings to their own consumption, to that of their children, and to savings. Therefore, their budget constraint is given by: c 1,t + n t c 0,t + s 1,t = A t w t (1 − νn t ), where s 1,t represents savings by prime-age adults. After retirement, the elderly consume the proceeds from their savings. Thus, the budget constraint of the elderly is: 11 c 2,t+1 = (1 + r t+1 )s 1,t /q t . According to the budget constraints of prime-age adults and the elderly, the lifetime budget constraint faced by prime-age adults is derived as shown in Equation 2 of Table 2 . Consumers determine their children's consumption and their own consumption in prime-age and post-retirement, thus maximizing life utility as given in Equation 1 under the lifetime budget constraint given in Equation 2.
Savings by prime-age adults is calculated as shown in Equation 3 in Table 2 based on the utility maximization problem. In Equation 3, ∂s 1,t /∂q t > 0 holds, and the savings of prime-age adults increase if the adult survival rate increases. Intuitively, if consumers are aware that they will live longer, they are more likely to have higher savings in preparation for old age. Equation 3 also implies ∂s 1,t /∂n t < 0 if θ > ε. Savings by prime-age adults decreases with an increase in the number of children as long as θ > ε. Moreover, expenditure on children correspondingly increases with an increase in the number of children, while the wage income of prime-age adults decreases because raising children requires the expenditure of time. Therefore, higher fertility decreases savings by prime-age adults.
Based on the individual utility maximization problem, aggregate capital is determined as detailed in Appendix 2. The aggregate capital at t + 1, W t+1 , is given by Equation 4 in Table 2 , where K is the domestic capital and F is the foreign capital. From Equation 4, the total savings of prime-age adults at time t formulates the aggregate capital in the next period. 12 Higher savings of prime-age adults result in higher capital accumulation. In this context, the number of prime-age adults at time t is expressed as N 1,t = p t N 0,t−1 = p t n t−1 N 1,t−1 , where p t is the survival rate of children. Therefore, Equation 4 can be rewritten as W t+1 = s 1,t p t n t−1 N 1,t−1 . We assume that the ratio of domestic capital to aggregate capital, d t , is exogenous, and domestic capital at time t is given by K t+1 = d t+1 W t+1 . Then, we obtain Equation 5 as shown in Table 2 .
The growth rate of domestic capitalK t is defined as shown in Equation 6 of Table 2 . According to Equations 5 and 6, the effect of an increase in adult longevity at time t on the growth rate of domestic capital at time t + 1 is given by ∂K t+1 /∂q t = d t+1 (∂s 1,t /∂q t )p t n t−1 N 1,t−1 /K t > 0. This indicates that an increase in adult longevity at time t increases the growth rate of domestic capital at time t + 1 given an increase in the savings of prime-age adults at time t. 13 In this model, an increase in adult longevity at time t does not influence the growth rate of domestic capital at the same time.
The effect of an increase in the number of children at time t on the growth rate of capital at time t + 1 is ∂K t+1 /∂n t = d t+1 (∂s 1,t /∂n t )/K t < 0. The number of children at time t decreases domestic capital at time t + 1. If the number of children increases at time t, prime-age adults save less during the same period; thus, less capital is accumulated at time t + 1. On the other hand, the growth rate of capital at time t is not affected by the number of children at the same time.
The influence of the number of children at time t on the growth rate of capital at time t + 2 is expressed as
The number of children at time t increases the number of prime-age adults who can accumulate wealth at time t + 1, which results in a higher capital growth at time t + 2. Moreover, less capital is accumulated at time t + 1, which gives rise to a higher growth rate of capital at time t + 2. Therefore, the growth rate of aggregate capital increases at time t + 2 if fertility increases at time t. To sum up, an increase in fertility prevents capital accumulation in the short run. As children grow, the increase in the prime-age population stimulates capital accumulation.
According to the OLG model, a typical demographic transition such as declining fertility and mortality may either increase or decrease the growth of aggregate capital stock. Therefore, a detailed simulation analysis would be helpful to precisely investigate the effect of demographic change. In the next section, we set the values for the parameters to simulate the influence of demographic change on capital accumulation in Japan.
IV. Simulation Analysis using Japanese Data
In this section, we estimate the effects of demographic change on capital and agricultural and nonagricultural inputs and output in the past, present, and future. The simulation method is detailed in Appendix 3. First, growth in aggregate capital is simulated using data from the number of children per adult, and adult and child longevities based on the OLG model in Section III. Then, the sums of contributions of simulated aggregate capital, population, and labour to agricultural and nonagricultural inputs and outputs are calculated. 14 Fig. 2 shows graphs of demographic variables such as the number of children per adult, the child survival index, and the adult survival index, 15 and growths in population and labour from 1890 to 2025. The number of children per adult increased moderately from 1890 to 1935, and began to decline rapidly in 1965. The number of children declined rapidly from 1965 to 1980. Since the 1990s, the number of children per adult has decreased gradually, and it is expected to decrease continuously in the future. The child survival index did not change significantly before the World War II and increased considerably in 1950. Since then, Japan's child survival index has been close to 100%, and this figure is expected to remain high in Japan. A significant increase in the adult survival index was not seen until around 1950. Adult longevity increased rapidly from the 1950s to 1990s. Since 1990, it has continued to increase and is estimated to increase gradually in the future.
From Fig. 2(b) , labour force growth rate was much lower than the population growth rate, primarily because of a high fertility rate. After the World War II, the growth rate of the labour force increased sharply and was greater than the population growth rate from 1950 to 1995. 16 Japan had a high cyclical population growth rate from 1890 to 1970. Since 1970, the population growth has slowed, and became negative around 2005. Growth rates of the population and labour force are estimated to continuously decrease in the future. Furthermore, it is expected that the labour force growth rate will be lower than the population growth rate until 2020. 17 The period in which labour force growth was greater than the population growth may be the period in which Japan benefited from the 'first demographic dividend,' as mentioned in Section I. It is likely that Japan had a great opportunity to use the first demographic dividend during the high economic growth period after the war. However, the first dividend has not been effective since 2000. Fig. 3 presents the simulation results for the effects of demographic change on agricultural and nonagricultural outputs and inputs considering changes in labour, total population, and capi- 
Fig. 2. Demographic changes in Japan
tal accumulation 18 (The data are taken from Yamada and Hayami (1972) , Minami and Ono (1978) , Ohkawa (1972) , Ohkawa and Sinohara (1979) , Ohkawa et al. (1966) and others). The effects of demographic change on agricultural inputs and outputs are calculated as the sum of the products of GRM and the growth rate of related exogenous variables. For example, the contribution of demographic change to agricultural output is calculated as
, and the contribution of demographic change to nonagricultural capital is calculated as
whereK is the simulated growth in domestic capital based on our OLG model (Equation 6 in Table 2 ). The results are illustrated in Fig. 3(a) . We also calculate the contribution of demographic change to agricultural and nonagricultural inputs and outputs when we do not consider the effects of demographic change on aggregate capital and only the effects of growths of population and labour are considered. In this case, the contribution of demographic changes on agricultural output is Y A L ·L + Y A Q ·Q, and the contribution of demographic changes to nonagricultural capital is
The results are presented in Fig. 3(b) . Fig. 3(a) shows that demographic change significantly contributed to increases in both agricultural and nonagricultural capital. The contribution of demographic change to nonagricultural capital was slightly more than the contribution to agricultural capital until 1955, and it was much more than the contribution to agricultural capital from 1960 to 1970. Demographic change positively influenced agricultural and nonagricultural output from 1890 to 2000, and the effect of demographic change on nonagricultural output was much larger than that on agricultural output from 1930 to 1985. Demographic characteristics in Japan seem to have had an insignificant effect on agricultural and nonagricultural labour compared with outputs and capital in both sectors throughout the period, but From 1955 From to 1980 change is simulated to decrease agricultural labour and increase nonagricultural labour, and from 1985 to 1995, it is simulated to increase both agricultural and nonagricultural labour, but simulated to increase nonagricultural labour more than agricultural labour. From 2005 onward, the simulated contribution of demographic change to agricultural labour 20 In 1910, the effect of demographic change on agricultural capital was negative, which was exceptional. is negative. From 2010 onward, the simulated contribution to nonagricultural labour is negative. Throughout the period from 1905 to 1995, the simulated effect of demographic change on nonagricultural labour was greater than agricultural labour, with the exception of 1945. After 2005, demographic change is simulated to decrease nonagricultural labour more than agricultural labour. On the whole, Fig. 4(a) implies that demographic change increased the importance 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 Since the beginning of the twenty-first century, demographics have influenced and will continue to negatively influence both agriculture and nonagriculture in terms of output, labour, and capital. It is expected that the importance of agriculture will increase relative to nonagriculture in the future because demographic characteristics will influence nonagriculture more negatively than agriculture. Fig. 3(b) illustrates the contribution of demographic change to agricultural and nonagricultural inputs and outputs when we do not consider the effect of demographic change on aggregate capital and only consider the effects of the growth in population and labour. The scale of the vertical axis in Fig. 4(b) is much smaller than that in Fig. 4(a) , which implies that the effect of demographic changes on agriculture and nonagriculture is much smaller when we ignore its effect on aggregate capital. From 1905 to 2000, demographic changes are simulated to increase agricultural and nonagricultural outputs, but the simulated contribution of demographic changes to agricultural output is larger than that to nonagricultural output from 1905 to 1950 . From 1955 to 1965 , and from 1980 to 1995 changes are simulated to contribute to the growth of nonagricultural output more than agricultural output. From 1970 to 1975, Japan experienced a second baby boom, and the population growth rate was higher than the growth rate of the labour force. During that period, growths in population and labour influenced agriculture more favourably than nonagriculture. In 2000, the simulated effect of demographic change on agricultural output is still positive and the simulated effect on nonagricultural effect is negative. In 2005 and 2010, the simulated effects of demographic change on both agricultural and nonagricultural outputs are negative, but the effect on nonagricultural output is more negative than that on agriculture, primarily because growth in the labour force declined more than population growth. After 2010, the effect of demographic change on agricultural output is more negative than that on nonagricultural output. Population growth is expected to decline more than growth in the labour force, and Malthus's law may dominate. The population consuming food will decrease and agriculture will decline more than nonagriculture. The simulated effect of demographic change on agricultural capital is positive in 2000 and 2005, while the effect on nonagriculture is negative during the same period. Demographic change is simulated to negatively influence agricultural capital and positively influence nonagricultural capital after 2010. According to Table 1 , depopulation tends to decrease agricultural capital and increase nonagricultural capital, and the decline in labour force growth tends to increase agricultural labour and decrease agricultural capital. It seems that depopulation will have a stronger effect on agricultural and nonagricultural capital than will the decrease in the labour force. Depopulation and a labour force decrease are simulated to decrease both agricultural and nonagricultural labour after 2005 and decrease agricultural labour more than nonagricultural labour after 2010. Fig. 3(b) implies that demographic change contributed to agriculture more favourably than nonagriculture before 2000, primarily because of an increase in population. According to Malthus's law, an increase in population increases agricultural outputs and inputs because more food is required to feed a larger population. The result in Fig. 3(b) is different from that in Fig. 3(a) and may not be consistent with the fact that Japan experienced remarkable industrialization after World War II. Therefore, it would be important to consider the effect of demographic change on capital accumulation when we discuss the effect of demographic change on industrial structure. On the other hand, capital accumulation stimulated by demographic changes was not the only factor that brought about industrialization after World War II. Technical changes in agriculture and nonagriculture sectors also remarkably influenced industrial structure. In this study, we do not discuss in detail about technical change. However, it would be important to discuss it in future research. Fig. 3(c) shows the simulated contribution of demographic change to per capita income in cases for which the effects of demographic change on domestic capital are considered and not considered. This figure implies that capital accumulation stimulated by demographic change significantly contributed to economic growth in the late twentieth century. If demographic change did not influence capital accumulation at all, there would not be high economic growth after World War II; high population growth could negatively influence per capita income, although the high growth rate of the labour force encouraged economic growth. Fig. 3(c) indicates that economic growth will be negative according to the demographic situation in Japan, primarily because of a decrease in capital growth, although depopulation may increase per capita income in the future, if we do not consider the effect of demographic change on capital accumulation.
In this study, we attempt to calculate changes in the importance of agriculture based on the simulation results in Fig. 4 . We define changes in the importance of agriculture in terms of output (capital, labour) as a contribution of demographic change to agricultural output (capital, labour) minus that to nonagricultural output (capital, labour) . If the simulated change in the importance of agriculture is positive, it indicates that demographic change is simulated to influence agriculture more favourably than nonagriculture. Fig. 4 presents the results. The importance of agriculture is determined from Fig. 4 (a) . Simulated changes in the importance of agriculture in terms of output had been negative until 2000, with one exception in 2000. The importance of agriculture in terms of capital and labour had been decreasing until 2000, with a few exceptions. It seems that demographic changes influenced the importance of agriculture in terms of output much more severely than in terms of capital or labour. From 1955 to 1985, when simulated domestic capital was quite high, the importance of agriculture decreased significantly in terms of output and input. Fig. 4(a) shows that changes in the importance of agriculture in terms of both output and input became positive in 2005, and will continue to be positive in the future. This implies that agriculture may become increasingly important in the near future. Fig. 4(b) is calculated from the results in Fig. 3(b) . If we do not consider the effect of demographic change on capital accumulation, the demographic changes such as changes in population and labour influence the importance of agriculture in terms of capital or labour more than that in terms of output. Changes in population and labour increased the importance of agriculture until 1950. From 1955 to 1965, demographic change influenced nonagriculture more advantageously than agriculture in terms of output, while it influenced agriculture more favourably than nonagriculture with regard to capital and labour in 1960 capital and labour in and 1965 capital and labour in . In 1970 , the importance of agriculture increased with respect to all three aspects. Demographic change decreased the importance of agriculture in terms of output from 1975 to 1995 and in terms of capital and labour from 1985 to 1995. In 2000, the importance of agriculture in terms of output increased, and it is expected to increase in 2005, 2010, and 2015, but decrease in 2020 and 2025. If we do not consider the effects of demographic change on capital accumulation, demographic change will not increase the importance of agriculture in the near future. In 2020 and thereafter, population growth will be lower than the growth in the labour force; therefore, the importance of agriculture will decrease according to Malthus's theory.
Finally, it is preferable to intuitively explain the above stated discussion. The reason for the increased relative importance of agriculture in case of a decrease in capital stock (owing to a decrease in population) is as follows. An increase in capital stock would increase per capita income and relatively increase the demand of nonagricultural goods, resulting from Engel's law. Therefore, a decrease in capital would decrease per capita income and relatively increase the demand for agricultural goods. This is an intuitive explanation of the above discussion.
This study also showed some other interesting findings. First, we showed the importance of agriculture in the future, and measured the extent of decrease in per capita income as population and capital decrease in the future (by using the values of EQ, EL, EK in Table 1 ). In other words, this study showed that population growth is necessary to avoid a decrease in per capita income in the future. Second, we measured the extent of growth in output (by using the values of Table 1 ) and input (by using the values of Table 1 ) when each of population, labour, and capital stock increase by 1%. Therefore, we can measure the change in industrial structure with a concrete number. In this way, this study reveals several fact findings, which are included in Table 1 .
V. Conclusion
The effects of demographic change on agriculture and nonagriculture have been discussed using Malthus's model. However, the effects were not adequately researched in terms of capital accumulation. Many recent studies on economic development have focused on growth theory but fail to consider agriculture and nonagriculture. It is, therefore, important to discuss the interaction between agriculture and nonagriculture when we discuss development, because agriculture produces food, which is essential for life. The research of Kinugasa andYamaguchi (2008) considered capital accumulation and analysed the effects of demographic changes on agriculture and nonagriculture.
However, they did not consider the effects of population and labour. Moreover, they researched only past effects and failed to consider domestic capital and capital depreciation. They also failed to consider the factor distortion problem in their model. This study considers capital accumulation, total labour, and population, and analyses the effects of demographic changes on agriculture and nonagriculture in the past, the present, and the future. Our study confirms that it is important to consider capital accumulation when discussing the effects of demographic change on agriculture and nonagriculture; our simulation results differed significantly when we did not consider the effects of demographic change on capital accumulation.
Our simulation analyses indicate that demographic changes can significantly influence capital accumulation and the importance of agriculture. A decrease in the number of children and an increase in adult longevity stimulated capital accumulation, promoted economic growth, and increased the importance of nonagriculture to a significant extent from the middle of the twentieth century until around 2000. Japan took advantage of the first and second demographic dividends in the second half of the twentieth century, which may have contributed to industrialization and decreased the importance of agriculture. Today, Japan is experiencing depopulation, although the second demographic dividend continues. The decline in population growth may increase the importance of nonagriculture with a decline in the demand for food. However, more importantly, a decline in labour force growth results in a decline in capital accumulation, which in turn will decrease the importance of nonagriculture more than agriculture. Therefore, the importance of nonagriculture will not continue and the relative importance of agriculture may increase in the near future.
This study does not consider the effects of demographic changes on technical change. However, demographic changes could significantly influence technical change, as Yamaguchi (1982 Yamaguchi ( , 2001 indicated. Analysing this issue is an important subject for future research. Moreover, this study assumed only a lifecycle model, whereas we need to consider intergenerational transfer. Traditional intergenerational transfer, whereby children take care of their parents when they age, has been common in Japan. Today, the social security system plays an important role in intergenerational transfer. The difficulty in analysing intergenerational transfer is that obtaining reliable data is not easy; however, this analysis is important in taking intergenerational transfer into account in the future. (1982, 2001 ) and his colleagues. 
From these equations, we obtain the following:
The static model with 12 equations (from Equations A1 to A12) can be converted into a dynamic model with eight equations by taking the logarithm of both sides of each equation and differentiating with respect to time t, as follows:
A dotover a variable, such asẎ A , denotes the growth rate. l A represents the share of agricultural labour to total labour, l M is the share of nonagricultural labour to total labour, k A is the share of agricultural capital in aggregate capital, k M is the share of nonagricultural capital in aggregate capital, and χ is the share of agricultural income to total income. These equations can be expressed through a matrix, as follows: 
The equation Zx = b can also be represented as x = Z −1 b. Each component of the matrix of Z −1 is the GRM. For example, the component of the first row and the fifth column of Z −1 , c 15 , represents analysis, we consider capital depreciation assuming that capital is depreciated 5% a year, and 1 unit of capital becomes 0.77 unit in 5 years.
Regarding demographic variables, population data are from Japan Statistical Yearbook. Labour force data are obtained from Ohkawa and Shinohara (1979) When we calculate contribution of demographic change to agricultural and nonagricultural inputs and outputs, we use GRMs presented in Table 1 . Yamaguchi (1982 Yamaguchi ( , 2001 
